Phage group 2 staphylococcal strain UT0002 contains a large 56S virulence plasmid with genes that code for both exfoliative toxin and a specific staphylococcin termed Bac R1. Four penicillinase-producing strains and three penicillinsusceptible strains of Neisseria gonorrhoeae were killed by Bac R1. Aftejr 30 min of growth of the penicillin-resistant TR1 strain in 62.5 arbitrary units of Bac R1 per ml, loss of viability was approximately 90%, and, after 5 h, an approxim4tely 99.99% loss of viability was observed. Lysis did not accompany cell death, and 84% of the Bac R1 added to the growth medium was adsorbed to the gonococcal cells. The extracellular supernatant fluid from a substrain of staphylococcal strain UT0002 cured of the plasmid for Bac R, production had no lethal effect on the gonococcal strains. Bac R, was also shown to have bactericidal activity against an L-form of N. meningitidis, indicating that the outer envelope of a neisserial cell is not needed for bacteriocin activity. Ten different normal human sera were unable to neutralize Bac R, activity. The bacteriocin lacks adsorption specificity. It binds to but does not kill Escherichia coli cells, indicating that the cell envelope of gram-negative organisms can provide protection against the staphylococcin.
Approximately 3 million new cases of gonorrhea occur annually, with an additional 3 to 5 million secondary infections arising from the base population of patients prior to cure (2) . Gonococci have gradually become more resistant to penicillin, tetracycline, and other antibiotics in the past two decades (12, 21) . With the advent of penicillinase-producing strains of Neisseria gonorrhoeae in the United States, control of this disease will become increasingly more difficult (2) . The continued isolation of penicillinase-producing strains of N. gonorrhoeae which are resistant to high concentrations of penicillin dictates a re-thinking of our approach to the treatment of gonorrhea.
The present investigation was initiated to assess the potential of bacteriocins as a new weapon in the arsenal against gonorrhea.
Bacteriocins are proteinaceous substances produced by one bacterium with bactericidal activity against the same or a related species of bacteria. The lethal action of bacteriocins is believed to be due to their binding to surface receptors followed by their interaction with an intracellular target (23) .
The staphylococcins, bacteriocins produced by staphylococci, were first described by Frederique in 1946 (8) . He distinguished several different staphylococcins on the basis of their inhibition spectra.
Rogolsky et al. (17) for the production of Bac RI, was isolated from clinical sources as described previously (17) . Strain UT0002-19 is a substrain of UT0002 that has been cured of the .56S virulence plasmid and, therefore, is Bac RI negative. The indicator strain for Bac R1 activity, 502A, was supplied by B. F. Anthony and is a staphylococcal phage group 3 strain. Maintenance and storage of bacteria. Cultures of both neisserial species were grown in GC medium base broth (Difco) supplemented with 1% CVA (Grand Island Biological Co.) at 37°C in a G76 gyratory water bath shaker (New Brunswick Scientific Co.). Routine dilutions were stored in tryptic soy broth (Oxoid) or brain heart infusion broth with 6% (wt/vol) lactose at -70°C. Cultures were recovered by strealing on GC medium base agar with 1% CVA. The meningococcal L-form was adapted to tryptic soy broth with 10% (vol/vol) horse serum. Hence, stocks were maintained in this medium, and storage was performed as in the case of the parent organism.
Group D streptococcal strain F-24 was maintained in Trypticase soy broth (BBL) and was stored in the same broth with 6% (wt/vol) lactose at -70°C. Strain F-24L was cultured in a medium consisting of 2% (wt/vol) NH4Cl, 0.05% glucose, and Trypticase soy broth minus glucose (BBL), and 1.2% purified agar (Difco) was added to this medium for colony formation.
Staphylococcal strains UT0002, UT0002-19, and 502A were maintained on heart infusion agar (Difco) and were stored at -50°C in a solution consisting of 10% dimethyl sulfoxide and 0.5% glucose.
Production and partial purification of Bac R1. Bac R1 was produced and partially purified according to the procedure of Rogolsky and Wiley (16) . An inoculum of approximately 107 cells of strain UTOO2 per ml was shaken in 80 ml of heart infusion broth at 37°C in a G76 gyratory water bath shaker (New Brunswick Scientific Co.) covered by a Plexiglas hood that contained approximately 10% CO2. After 24 h, the supernatant fluids from at least eight flasks, each containing 80 ml of suspended cells, were combined and precipitated at a final concentration of 60% aqueous (NH4)2SO4. This suspension was then centrifiged, and the pellet was dissolved in approximately 30 ml of 0.02 M phosphate buffer. The resulting clear amber solution was then dialyzed and concentrated as described previously (16 were derived by using the agar plate assay as described previously (16) . The staphylococcal 502A indicator strain was diluted 100-fold and used to prepare a lawn on a heart infusion agar plate into which 6-mm wells with 100-ed capacities were punched. One AU of Bac R1 was then defined as the highest dilution of a specific preparation producing a visible zone of sharp clearing in the bacterial lawn around an agar well holding 100 p1 of Bac Ri. Therefore, AU per milliliter is defined as the reciprocal of this highest dilution times 10. The bactericidal effect of partially purified Bac RI was also determined by treating equivalent cultures of the test strains with 62.5 AU of either Bac R1 or phosphate buffer per ml during growth in broth. The cultures were inoculated to a reading of approximately 10 in a Klett-Suimmerson photoelectric colorimeter (red filter), treated with Bac RI or phosphate buffer, and incubated in the gyratory water bath shaker at 370C at 150 rpm. Growth of the cultures was monitored by optical density (OD) readings and by viable count. To demonstrate that the bactericidal effect was due to Bac RH, other control experiments were run utilizing the supernatant fluid of strain UT0002-19, which had been cured of the 56S plasmid for Bac R1 production (17) , in place of the staphylococcin. The supernatant fluid was precipitated with (NH4)2SO4
and concentrated according to the same procedure used to concentrate Bac RI preparations (16) . This preparation was then added to the growing neisserial strain at a volume that would have yielded approximately 62.5 AU of Bac R1 per ml if the preparation had been isolated from a staphylococcal UTO02 strain.
Cell adsorption experiments. GC medium base was inoculated to a Klett reading of approximately 6 with either a neisserial strain or its L-form. Similarly, group D streptococcus strain F-24 or its L-form was inoculated into appropriate growth media. Cultures were harvested by centrifugation when cell counts reached approximately 108 cells per ml. The pellets were washed twice with either phosphate buffer, pH 7.2, or the designated growth media and then treated with a final concentration of 62.5 AU of Bac RI per ml.
After incubation for 1 h at 37°C, the treated cells were centrifuged in the cold at 6,500 rpm for 15 min. The supernatants were removed, filter sterilized, and assayed for residual Bac RI activity by the agar plate assay method (16) .
Similar experiments were performed on eucaryotic cells. Rat livers were isolated and teased through a fine wire mesh into either Hanks medium or phosphate-buffered saline, pH 7.2. CelLs were then filtered through sterile gauze into 50-ml conical centrifuge tubes and centrifuged in the cold at 1,600 rpm for 15 min. Pellets were washed three times with the same media and then counted, using trypan blue in a counting chamber, and diluted to a final suspension of 108 cells per ml. A 5-ml sample of the liver celLs was centrifuged, and the supernatant was removed. The cells were then resuspended in (17) , was grown under optimal conditions for Bac R1 synthesis. The supernatant fluid from this culture was then concentrated after (NH4)2SO4 precipitation according to the identical procedure used in the purification of Bac R1 (16) . The resulting solution had no bactericidal activity against the neisserial TR1 strain during growth in GC medium.
Adsorption of Bac R1 to bacterial cells and bacterial cell fractions. Further investigation involved the study of the interaction of the staphylococcal bacteriocin with surface components of susceptible bacteria and their Lforms.
Approximately 2.5 x 108 cells of either the neisseriae or the streptococcal strain, or their respective L-forms, were incubated with 62.5 AU of Bac R1 per ml, for 1 h in either the appropriate growth media or phosphate buffer, as described above. After centrifugation, Bac R1 activity was determined by the agar plate assay. Sixteen percent of the activity of Bac R1 remained in the supernatant fluid after incubation of N. gonorrhoeae TR1 in the presence of Bac R1 for 1 h at 370C in either GC medium or phosphate buffer.
This indicated that 84% of the Bac R1 adsorbed to strain TR1 in 1 h and that adsorption was not dependent upon the medium. Eight percent of Bac R1 activity remained in the medium after 1 h of incubation with N. meningitidis, but no Bac RI activity remained after 1 h of incubation with the L-form of N. meningitidis. Both streptococcal strain F-24 and its L-form adsorbed all of the Bac R1 in 1 h. When bacteriocin was added alone to the above solutions or media, 100% of the activity was recovered after 1 h at 370C. Liver cells produce abundant extracellular proteases that could have accounted for loss of Bac R1 activity. Therefore, the supernatant fluid from 2.5 x 108 liver cells, which were incubated for 1 h in phosphate-buffered saline, was treated with 62.5 AU of Bac R1 per ml. After 1 additional h of incubation at 370C, the test solution was assayed for Bac R1 activity. There was no loss of activity.
Bactericidal effect of Bac R1 on an N.
meningitidis L-form. Since broth cultures of the N. gonorrhoeae L-forms were unavailable for testing, a stable L-form of N. meningitidis group A was used to determine the bactericidal effect of Bac R1 on an L-form. The L-form was grown in GC medium base broth containing 10% horse serum with 62.5 AU of Bac R1 per ml. As a control, phosphate buffer was added to a similarly treated culture. Growth of both cultures was determined in a water bath incubator shaker at 370C over a 5-h period by OD and by viable counts on GC medium base agar with 10% horse serum (Fig. 2) . Although the growth of the meningococcal L-form did not proceed as rapidly as that of the gonococcal strain, the death curve of the Bac RI-treated L-forn clearly followed that of the gonococcal strain. resistant to erythromycin, spectinomycin, and tetracycline. Shtibel (19) noted inhibition of N. gonorrhoeae by bacterial interference and suggested that the inhibition might be due to bacteriocins. Bac RI, previously described by Rogolsky and Wiley (16) , possesses all the usual properties of a bacteriocin. The inhibitory activity is associated with protein, and Bac R1 is bactericidal to the same and related species without being autoinhibitory. Although Bac R1 has a wide spectrum of activity (16) , the only gram-negative organisms found to be susceptible to Bac R1 were the Neisseria. This indicated that Neisseria does not possess a typical gram-negative cell wall, and this is further supported by its unusual susceptibility to penicillin. Hebeler and Young (10) could not detect a lipoprotein in N. gonorrhoeae analogous to that observed in Escherichia coli which links the peptidoglycan with the outer membrane. Electron micrographs indicated that the outer membrane of the N. gonorrhoeae is, in fact, more loosely associated with peptidoglycan than is E. coli.
The bactericidal effect of Bac R1 on N. gonorrhoeae TR1 in broth is comparable to the death rates reported against other genera (5, 13, 16) . The extracellular supernatant fluid from strain UT0002-19, the Bac RI-negative substrain of UT0002 that has been cured of the 56S virulence plasmid, did not have a lethal effect on the TR1 strain. This indicated that the staphylococcin coded for by the 56S virulence plasmid of strain UT0002 was responsible for the death of the gonococcal cells. Exfoliative toxin that is also coded by the 56S plasmid has been previously shown not to have bacteriocin activity (16) .
Ten normal human sera were unable to neutralize Bac R1 activity, which indicates a lack of specificity or nonspecific binding to serum components, no loss of stability, and the absence of antibodies in the random sera tested. Dajani (4), but not Gagliano and Hinsdill (9) , was able to demonstrate neutralization of a phage group 2 staphylococcal bacteriocin by fresh human sera. Dajani incubated specimens for 18 to 24 h, in contrast to the 1 to 2 h of incubation used in these studies which is usually adequate for the demonstration of antibody activity. Perhaps the neutralization activity Dajani observed was due to an enzyme or some nonspecific effect. On the other hand, the limits of our assay method may have prevented detection of low levels of neutralization. Although, in many cases, the adsorption of bacteriocin has been shown to be highly specific for susceptible bacteria (1, 6) , other bacteriocins, such as staphylococcin 414 (9) and 1580 (14) , lactocin LP 27 (24, 25) , and streptococcin B74628 (22) , appear to lack this adsorption specificity. Bac R1 adsorbed not only to neisserial and streptococcal bacterial strains and their stable Lforms, but also to rat liver cells and to E. coli, a species whose growth is not inhibited by Bac R1 (16) . Loss of viability of the L-form was comparable to that of the neisserial parent after treatment by Bac R1.
Other investigators (1, 7, 9, 11, 15) have reported susceptibility of protoplasts or L-forms to bacteriocins. These studies and our own observations suggest that the receptor sites of the bacteriocins are located on the inner cell mem-ANTIMICROB. AGENTS CHEMOTHER.
on June 24, 2017 by guest http://aac.asm.org/ Downloaded from brane. Naturally resistant bacteria may have the access to their membrane receptor regions physically blocked by outer components of the cell envelope (3, 20, 23) . Neisserial cell walls are thought to differ from other gram-negative cell walls in being more porous due to either a lack of lipoprotein or a typical outer membrane. This may explain the lethal effect of Bac R1 on Neisseria.
